Objective: A number of different hormone changes have been described during the acute myocardial infarction (AMI), including those of the non-thyroidal illness syndrome (NTIS).
Introduction
Alterations in circulating thyroid hormones under severe illness or stressful conditions are referred to as non-thyroidal illness syndrome (NTIS) and are more prominent in patients hospitalized in intensive care units (1, 2) . These changes are related mainly to the inhibition of the 5 0 -monodeiodinase activity that leads to the decreased conversion of thyroxine (T 4 ) to triiodothyronine (T 3 ) in peripheral tissues, but other mechanisms may also be responsible for this syndrome (3) . Recently, several proinflammatory cytokines which are elevated during the acute phase response have been implicated in the pathogenesis of the NTIS, although their role is still unclear (2) (3) (4) . Cytokines are products of immune response acting not only as local factors but also as systemic hormones affecting the function of different endocrine glands such as pituitary or thyroid (4, 5) .
Acute myocardial infarction (AMI) may be associated with a number of endocrine alterations, including those of the NTIS (1, 6, 7) which reflect the acute hormone response to stress and trauma. A transient decrease in T 3 and increase in reverse (r)T 3 occurs within the first 24 h, reaching the highest degree on the third day after the attack (1) . The decreased nutrition during the first days of the myocardial infarct, the increased levels of serum cortisol and circulating free fatty acids or free radicals are some of the factors which may contribute to the 5 0 -monodeiodinase inhibition (3) . Less prominent are the alterations of T 4 and thyrotropin (TSH) which appear to be non-significantly changed in most of the patients with acute myocardial infarct (1) . On the other hand, the association between serum levels of cytokines and myocardial ischemia and injury is under investigation. It is known from several studies that several cytokines can be found elevated in patients with cardiac ischemia or AMI (7) (8) (9) . From in vitro studies it is of particular interest that ischemic myocytes produce cytokines such as interleukin-6 (IL-6) and its synthesis is accelerated by reperfusion (10). Interleukin-6 seemed to be an important cytokine produced by the injured myocytes in a study of 15 patients with AMI (11), and strong negative correlation between serum IL-6 concentration and left ventricular ejection fraction (LVEF) has been demonstrated (12) . Similar observations have been made by studying tumor necrosis factor-a (TNF-a), IL-1a and soluble IL-2 receptor (sIL-2-R) which were found to be significantly elevated in AMI, with the highest levels noted in the most severe and complicated cases of myocardial infarction (9, 13) .
In the present work we investigated the relationships between the changes of the thyroid hormones, cortisol and cytokines in patients admitted to a coronary care unit for a first episode of AMI. The temporal development of these changes and the possible correlation with the severity of the AMI were studied.
Materials and methods
Thirty patients with a first episode of AMI who were admitted to the coronary care unit 1-6 h (mean 4 h) after the onset of pain were prospectively studied. The diagnosis of the AMI was based on the history of prolonged chest pain (>30 min) and it was confirmed by typical electrocardiogram changes and elevation in serum creatine phosphokinase (CPK) levels, in creatine kinase isoenzyme MB (CK-MB) and positive troponin I test. The mean age of the patients (18 men and 12 women) was 60 Ϯ 8 years, range 50-72 years. Exclusion criteria from the study were previous myocardial infarction, known cardiac disease, known thyroid gland abnormalities, chronic illness and use of medication before the admission. To minimize variations of the results only those patients were chosen who received standardized treatment for AMI such as thrombolysis, heparin, aspirin and nitrates (without any contraindication for this kind of treatment) and who were on a similar diet during the hospitalization. Blood samples were taken at the time of the admission, before any treatment (4 h), and at 24, 48 and 240 h after the beginning of the chest pain. After the separation, the sera were kept frozen (¹20 ЊC) until the day of the assay. The patients gave their informed consent to participate in this study, which was approved by the scientific committee of the hospital.
Measurement of hormones and cytokines
All samples were run in duplicate and the mean value of the results are reported. All the samples of an individual subject were run in the same assay to minimize the inter-assay variation. Serum total T 4 and T 3 were determined using competitive RIA technique (Amerlex-M, Amersham, Bucks, UK; Milano, Italy). The normal range (NR) values for our adult population are 62-165 nmol/l for T 4 with intra-assay coefficient of variation (CV) 2.6% at the 84.1 nmol/l level; for T 3 NR is 0.8-2.7 nmol/l, and CV 1.5% at the 1.48 nmol/l level. Serum free (F)T 4 was measured by two different methods (both from Nichols Institute Diagnostics, San Juan Capistrano, CA, USA): (1) a direct equilibrium dialysis method (FT 4 Eq) with NR 10.3-34.7 pmol/l and with CV 10.7% at 12 pmol/l; (2) by a one-site chemiluminescence immunometric assay (FT 4 Ch) with NR 9-23 pmol/l and CV 5.6% for the FT 4 Ch value of 17 pmol/l. For the determination of TSH, a third generation two-site chemiluminescence immunoassay was used (Nichols Institute Diagnostics, Nijmegen, The Netherlands) with NR 0.4-3 mU/ml, with CV 4.8% for a TSH value of 1.28 mU/ml. Serum T 3 uptake (T 3 U) and cortisol were measured by a solid phase RIA (Coat-A-Count, Diagnostic Products Corporation, Los Angeles, CA, USA). For T 3 U the NR is 25-37% and CV 1.8% at the 30.2% value. For cortisol the NR is 138-690 nmol/l, and CV 4% for the value of 331 nmol/l. Free T 4 index (FT 4 I) was calculated by multiplying the total T 4 concentration by the T 3 U; rT 3 was measured by RIA (Biodata S.p.A., Roma, Italy) with NR 0.135-0.539 nmol/l and CV 8.54% at 0.369 nmol/l. Serum IL-1a, TNF-a and IL-6 were measured by an ultrasensitive solid phase 'sandwich' ELISA (Cytoscreen, Biosourse, Camazillo, CA, USA). The NR of TNF-a is from non-detectable to 22 pg/ ml with CV 4.8% for a level of 11.9 pg/ml, for IL-1b from non-detectable to 10 pg/ml with CV 3.01% for the level of 2.66, and for IL-6 from 0.1 to 8.5 pg/ml with CV 6% for the level of 5.17 pg/ml.
Cardiac echocardiogram, measurement of CPK, CK-MB and troponin I test
Left ventricular ejection fraction was determined by two-dimensional echocardiogram with a commercially available imaging system (Hewlett-Packard, SONOS 1000, Andover, MA, USA) within 2-7 days after the AMI. For the measurement of CPK a commercial kit was used from DMA Inc. (Arlington, TX, USA) with expected normal values 7-114 U/l at 30 ЊC and CV 2.7% at 104 IU/l, and for CK-MB a kit from Deagle Diagnostics was used (Desoto, TX, USA), normal values 0-24 IU/l at 37 ЊC with a CV 3.2% at a level of 17.8 IU/l. For the troponin I test the Cardiac Status kit was used (PBM, Princeton Biomedich Corp., Princeton, NJ, USA).
Statistics
All results are expressed as means Ϯ S.E.M. and a twotailed P value of less than 0.05 was accepted as significant. Comparison of changes of the variables over time and/or within groups was performed by twotailed paired Student's t-test. Linear regression analysis was carried out for the evaluation of the relationships between the different variables. Undetectable cytokine concentrations were taken as 50% of the detection limit, for the scope of calculations.
Results
The 30 patients with a first episode of AMI included in the study were divided into two groups according to their LVEF. An LVEF of 50% was used as a cutoff to identify patients with better or poorer prognosis (14) . Group I included 15 patients (12 smokers and 3 nonsmokers) whose LVEF was Յ 50%, and group II included 15 patients (13 smokers and 2 non-smokers) with LVEF >50%. The characteristics of the two patients groups are shown in Table 1 . Figure 1 displays the time course (mean Ϯ S.E.M.) in thyroid function tests, serum IL-6 and cortisol levels (on 4, 24, 48 and 240 h) of the post-infarction period. Initially, the data were compared between the two groups. Correlations between two variables were assessed using the values of the two groups at the various times combined. Two patients died during the study period. One patient died from heart failure and the other one from hemorrhagic stroke. No significant difference was found in the mean age of the two groups of subjects (60 Ϯ 8 years), in diastolic blood pressure (88.8 Ϯ 3.5 vs 86.9 Ϯ 4 mm Hg), in systolic blood pressure (152.5 Ϯ 8.5 vs 151.5 Ϯ 9.8 mm Hg), in the levels of total cholesterol (248 Ϯ 24 vs 243 Ϯ 23 mg/dl) and triglycerides (166 Ϯ 33 vs 172 Ϯ 31 mg/ dl), whereas in group I LVEF was significantly lower than in those of group II (42.0 Ϯ 2.2 vs 57.0 Ϯ 3.0%, P < 0.001) ( Table 1) .
CPK and CK-MB
In both groups a marked increase in serum CPK and CK-MB, as expected, was observed 24 h after the onset of the chest pain followed by a rapid decrease thereafter ( Table  1 ). The concentrations of CPK and CK-MB were significantly greater in group I than in group II (P < 0.05).
Thyroid function tests
At the time of the peak of serum enzymes (24 h after the onset of pain) serum T 3 fell in both groups (Fig. 1A ), but only in group I was the decrease significant (P < 0.05). Serum T 3 increased gradually within the subsequent hours, without significant differences between the values within the two groups at any point of time. Individual analysis showed that although a transient decrease of serum T 3 was found in 22/30 (73%) patients of both groups, only 4/30 (13%) declined below the normal range (0.77 Ϯ 0.01 nmol/l). Three of these patients belonged to group I and one patient belonged to group II. A peak of serum rT 3 was shown at 24 h (Fig. 1B) , but it did not reach a statistically significant level, and although in group I rT 3 levels were slightly higher, there was not a statistically significant difference between the two groups. The rT 3 / T 3 ratio did not change significantly, but tended to be higher in group I, P < 0.2 at 24 h reflecting the higher rT 3 and the lower T 3 in these patients. The mean serum FT 4 levels, as determined by equilibrium dialysis (Fig. 1D) and ELISA, showed consistent, almost identical, values by both methods and no significant change during the entire observation period. Interestingly, FT 4 levels were significantly higher in group I than in those of group II within the first 4, 24 and 48 h (P < 0.05). An elevation of total T 4 towards higher levels in association with a rise of FT 4 I was observed in both groups starting at 48 h and both parameters remained higher from baseline until the end of the study; there were no significant differences between the corresponding different points of time between the two groups. Serum concentrations of TSH remained within the normal range and did not change significantly in group I, whereas in group II they rose significantly at 48 h until the end of the study (P < 0.05) (Fig. 1E ).
Cytokines and cortisol
In both groups the peak mean serum IL-6 occurred at 24 h after the onset of pain (Fig. 1C) which corresponded to the nadir of T 3 levels and to the peak values of rT 3 , CPK and CK-MB. In group I the rise of IL-6 was statistically significant, 4 h vs 24 h (P < 0.05) and less pronounced in the patients of group II, P < 0.05. A subset of 10 patients, 33% of all subjects (seven from group I and three from group II) had serum IL-6 above the normal range (17.66 Ϯ 0.84 pg/ml) and in three of them it remained high until 48 h. No differences were found in the concentrations of TNF-a and IL-1b, either between the groups or between the different sampling times and these indexes remained virtually unchanged, at very low or undetectable levels, throughout the study. Mean serum cortisol levels tended to be elevated slightly above the normal values only in group I at the time of admission, (Fig. 1F) , and progressively decreased at 240 h (4 h vs 240 h, P < 0.07), but there was no significant difference between the two groups. Interestingly, the two patients who died had very high cortisol levels at the time of admission (2400.8 and 1061.5 nmol/l). They also showed the lowest T 3 24 h levels (0.770 and 0.718 nmol/l) and the highest rT 3 24 h levels (1.011 and 1.167 nmol/l) in association with the highest IL-6 levels (23 and 15 pg/ml) among all patients.
Relations between the different parameters
Taking the values of the different points of time as a combined group, a significant negative linear correlation was found between IL-6 and T 3 (r= ¹0.284, P < 0.001), and a positive correlation between IL-6 and rT 3 (r = 0.364, P < 0.001) and IL-6 and rT 3 /T 3 ratio (r = 0.320, P < 0.001). Serum IL-6 and LVEF were negatively correlated (r = ¹0.381, P < 0.001) and a strong, but inverse, relationship was also present between IL-6 and CK-MB (r = 0.542, P < 0.001) ( Fig.  2A and B) . In contrast, T 3 was not correlated with LVEF.
Discussion
The results of this study indicate that serum cortisol was increased in patients with AMI during the first 4 h of the onset of the chest pain. The characteristic changes of the NTIS were also found to be an early event in our patients and associated with an increase of IL-6, whereas TNF-a and IL-1b were low and unchanged. In addition, using the LVEF as a marker of the severity of AMI (14) it was found that the circulating IL-6 concentrations were best correlated with LVEF rather than with serum T 3 , thyroxine or cortisol levels.
In AMI, a significant decrease of serum T 3 levels and an increase of serum rT 3 usually occur at the third postinfarction day, whereas T 4 and TSH rarely change (1, 15) . In the present study, the lowest serum T 3 and peak rT 3 were found 24 h after the onset of chest pain at the time of the highest serum CPK/CK-MB and IL-6 levels. It is likely that the early thrombolysis diminished the degree of the acute phase response events and the infarct size (16) , and thus inhibited the progression to a severe NTIS. This is also demonstrated by the fact that in only four patients serum T 3 decreased below the normal range values and in none of them did FT 4 , T 4 or FT 4 I fall to subnormal levels. It could be suggested that because of heparin treatment, FT 4 was apparently higher in our patients than it would be without this treatment, particularly when free T 4 was measured by equilibrium dialysis (17) . For this reason free T 4 was also estimated by a second method (ELISA) and the changes were similar. Impairment of thyroxine transportation into tissues or reduced serum clearance rate probably due to low cardiac output from the myocardial dysfunction could explain the 'higher T 4 state' in our group I patients (3 elevation of TSH in association with an increase of T 4 has been described in a number of patients with low T 4 recovering from critical illness due to a variety of causes, including AMI (18) . It is noteworthy that TSH rose significantly in the group II of our patients with the better prognosis, indicating a more rapid recovery phase compared with group I. The alterations of serum T 3 and rT 3 levels were not correlated with the severity of the AMI, although the decline of serum T 3 was more pronounced in patients with lower LVEF (group I). The concomitant changes and the significant negative correlation of serum IL-6 with serum T 3 and the positive correlation with serum rT 3 , raises again the issue that cytokines may be one of the causative factors of NTIS. In vitro experiments with human thyrocytes or in vivo with rats have shown that TNF-a, IL-1b, IL-6 and interferon-a (IFN-a) inhibit several thyroid cell functions (4) . Administration of recombinant IL-6 to humans induced significant decrease in serum T 3 and TSH concentrations in association with an increase in serum rT 3 , and no changes in T 4 and FT 4 concentrations (19) . In agreement with this were our findings of a strong positive correlation between IL-6 and T 3 , and the negative correlation between IL-6 and rT 3 or rT 3 /T 3 ratio, although TSH and IL-6 were not correlated. The very low or undetectable levels of TNF-a and IL-1b suggest that both these cytokines probably played a minor role in the development of the NTIS in our patients. The possibility that we may have missed a transient TNF-a and IL-1b elevation, which could be sufficient for the development of NTIS, cannot be excluded. The possibility also that TNF-a and IL-1b were eliminated by binding rapidly to their receptors cannot be ruled out. On the other hand, in our cases the early elevation of IL-6 may have inhibited the secretion of TNF-a and IL-1b. The possibility also exists that the NTIS and the increase of IL-6 are independent events reflecting the reaction to stress and inflammation. Hypoxia induces the synthesis of IL-6 from endothelial cells and cardiac myocytes (10) . In our cases, it is likely that IL-6 was secreted from cardiac tissue with an exacerbation of the phenomenon after the thrombolysis (10) since it followed the temporal pattern of CPK and CK-MB concentrations and seemed also to be independent of cortisol concentrations. The magnitude of the IL-6 rise in AMI has been described to possess a prognostic value (14) and in agreement with this, it not only was a strong correlation between IL-6 and LVEF or CK-MB found in our patients, but in group I subjects the mean IL-6 levels were significantly higher compared with those of group II.
The relatively higher mean cortisol levels in our patients during the first 4 h of the onset of AMI could explain the slightly lower TSH, although we did not find a negative relationship between cortisol and TSH. It is likely that the transient increase of cortisol was not sufficient to suppress TSH to very low levels and, indeed, the tendency for a rapid increase of TSH indicates the absence of central hypothyroidism. The elevated levels of endogenous cortisol could also be responsible for the alterations of T 3 and rT 3 acting at a peripheral level. However, although a strong positive correlation between serum cortisol and rT 3 levels was found, there was not a significant correlation with T 3 . In our patients, serum cortisol levels at the time of admission tended to be higher in patients of group I than in those of group II, and it is noteworthy that the two patients who died had persistent hypercortisolemia with the lowest T 3 and the highest rT 3 among all patients, although the TSH was not suppressed. However, the cortisol levels did not correlate with CPK, CK-MB or LVEF, indicators of the infarct size and the severity of the AMI (20) .
In conclusion, we found that AMI induces early alterations in thyroid function tests which resemble those found in the NTIS in association with marked increase of serum IL-6, whereas TNF-a and IL-1 seemed not to be changed significantly. An early and transient increase of serum cortisol may also be associated with the AMI. Among all parameters studied, serum IL-6 concentration was the best marker for the left ventricular dysfunction which could be used as an early marker for the severity of AMI in cardiological practice.
